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INTRODUCTION 

Cancer  is  a  highly  heterogeneous  disease,  both  morphologically  and  genetically  (1).  A  current 
shortcoming  in  cancer  prognostication  and  treatment  is  a  lack  of  methods  that  adequately  address  the  complexity 
and  diversity  of  the  disease.  A  detailed  molecular  characterization  or  fingerprint  of  cancer  is  an  objective 
recently  made  possible  by  the  development  of  several  new  high  throughput  analytical  methods.  These  include 
techniques  for  the  analysis  of  DNA,  mRNA,  and  proteins  within  a  cell  (2-4).  Building  databases  of  detailed 
molecular  information  and  linking  them  to  clinical  information  are  very  attainable  goals  (5).  This  approach  has 
the  potential  to  help  patients  by  improving  grouping  of  tumor  subtypes,  which  may  enable  clinicians  to  more 
accurately  distinguish  prognostic  groups,  and  predict  the  most  effective  therapies.  Prognostic  marker  systems 
based  on  single  parameters  have  generally  proven  inadequate.  Thus,  multiparametric  methods,  which  rely  on 
many  pieces  of  information,  are  ideally  suited  to  the  grouping  of  tumor  subtypes  and  the  identification  of 
specific  patterns  of  disease  progression. 

A  major  objective  of  current  cancer  research  is  to  develop  a  detailed  molecular  fingerprint  of  tumor  cells 
and  tissues  that  is  linked  to  clinical  information.  Toward  this  end,  using  the  Multiplex  Ligatable  Probe 
Amplification  technique  (MLPA,  6),  a  novel  assay  recently  developed  at  MRC  Holland  (Amsterdam)  we  will 
interrogate  120  gene  loci  (Table  1,  Study  Instruments)  altered  in  breast  cancer  using  a  nested  case  cohort  of  600 
stage-specific  breast  cancers  drawn  from  a  retrospective  cohort  of  6000  primary  breast  cancers. 

REFERENCES 

'  1.  Tavassoli,  F.  A.,  and  Schnitt,  S.  J.  Pathology  of  the  Breast.  New  York:  Elsevier,  1992. 

2.  Pollack  J.  R.,  Perou  C.  M.,  Alizadeh  A.  A.,  Eisen  M.  B.,  Pergamenschikov  A.,  Williams  C.  F.,  Jeffrey  S. 
S.,  Botstein  D.,  Brown  P.  O.  Genome-wide  analysis  of  DNA  copy-number  changes  using  cDNA 
microarrays.  Nat.  Genet.,  23: 41-46, 1999 

3.  Duggan  D.  J.,  Bittner  M.,  Chen  Y.,  Meltzer  P.,  Trent  J.  M.  Expression  profiling  using  cDNA 
microarrays.  Nat.  Genet,  21: 10-14, 1999 

4.  Oh  J.  M.,  Hanash  S.  M.,  Teichroew  D.  Mining  protein  data  from  two-dimensional  gels:  tools  for 
systematic  post-planned  analyses.  Electrophoresis,  20:  766-774, 1999 

5.  Golub  T.  R.,  Slonim  D.  K.,  Tamayo  P.,  Huard  C.,  Gaasenbeek  M.,  Mesirov  J.  P.,  Coller  H.,  Loh  M.  L., 
Downing  J.  R.,  Caligiuri  M.  A.,  Bloomfield  C.  D.,  Lander  E.  S.  Molecular  classification  of  cancer  class 
discovery  and  class  prediction  by  gene  expression  monitoring.  Science  (Washington  DC),  286:  531-537, 
1999 

6.  MRC  Holland:  Dr.  J.  P.  Schouten,  mrch@bio.vu.nl.  Website:  www.MRC-Holland.com 

BODY:  Statement  of  Work 

Task  1.  Cohort  construction,  Months  1-24 

a:  Begin  construction  of  the  breast  cancer  study  cohort.  We  have  identified  6000  breast  cancer 

cases  in  the  HFHS  system  from  1981  through  2000.  Drs.  Worsham  and  Chase  will  select  100 
stage-specific  breast  cancers  corresponding  to  stage  0  (in  situ),  stage  1, 2, 3, 4  and  unknown 
stage 

b:  Set  up  database  of  study  cohort 

c:  Retrieval  of  H&E  slides  for  cancer  cohort 

d:  The  Pathologist  Dr.Raju  and  the  P.I  will  begin  pathology  review  of  the  cancer  cohort  recording 

histopathological  characteristics  on  the  Pathology  Cancer  Review  Form  (see  study  instruments), 
e:  Data  entry  of  histopathology  indicators 

f:  selection  of  tumor  blocks  and  sectioning  of  tissue  for  microdissection  and  DNA  extraction 
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Task  2.  Molecular  Assays  Months  3-34 

a:  Begin  the  novel  Multiplex  Ligatable  Probe  Amplification(MLPA)  assays 

b:  As  DNA  becomes  available  set  up  molecular  worksheets  and  forms  for  electronic  data  entry  of 

molecular  data  (Teleform) 

Task  3.  Medical  chart  abstraction  Months  3-32 

a:  Begin  medical  chart  abstraction  using  the  Medical  record  Abstraction  Form 

b:  Data  entry  of  forms  into  the  study  database 

Task  4.  Interim  Analyses,  Months  18-24 

a:  Interim  statistical  analysis  of  data  obtained  from  molecular,  pathology,  and  medical  record 

abstractions  will  be  performed  periodically 
b:  Annual  reports  will  be  written 

Task  5.  Final  Analyses  and  Report  Writing,  Months  32-36 

a:  Final  analyses  of  data  form  molecular,  pathology  and  medical  abstractions  will  be  performed 

b:  A  final  report  and  initial  manuscripts  will  be  prepared 

PROGRESS  (June  1. 2002-  June  30. 2003: 

KEY  RESEARCH  ACCOMPLISHMENTS 

Task  1  accomplishments: 

•  We  have  so  far  acquired  a  total  breast  cancer  patient  database  of  5008  validated  and  verified 
breast  cancer  cases.  The  study  cohort  of 600  stage-specific  breast  cancer  subjects  was  derived 
from  this  comprehensive  patient  database.  Selection  of  breast  cancer  subjects  in  each  of  the  6 
stages,  stage  0,  stage  1,  stage  2,  stage  3,  stage  4,  and  stage  unknown  was  performed  by  the 
biostatistician  Dr.  Gary  Chase.  Criteria  for  selection  were  as  follows:  1)  age  <50  years, 
Caucasian  Americas  (CA);  age  <50  years,  African  American  (AA);  2)  age  >50  years,  CA;  age 
>50  years,  AA.  A  total  of  1,244  subjects  were  obtained  as  a  result  of  this  selection;  stage 
0=215;  stage  1=  225;  stage  2=  228;  stage  3=  188;  stage  4=  179;  stage  unknown=  209.  Further 
selection  of  100  stage-specific  cases  for  equal  representation  of  CA  and  AA  in  each  of  the  two 
age  categories,  <50  years  and  >  50  years  was  achieved  in  a  random  fashion  by  Dr.  Gary  Chase. 
Thus,  the  study  cohort  of 600  breast  cancer  subjects,  1 00  in  each  of  the  6  stages  has  been 
completed. 

•  Data  bases  of  the  study  cohort  have  been  completed  and  linked  with  the  Henry  Ford  Health 
System  Tumor  Registry  for  demographics,  histopathology,  and  clinical  information.  The  latter 
has  been  obtained  for  the  entire  cohort  of  1 ,244  subj  ects. 

•  The  study  Pathologist  Dr.  Raju  has  completed  review  of  210  breast  cancer  subjects 

•  Pathology  Review  Form  data  via  electronic  Teleform  data  entry  has  been  entered  for  2 1 0  study 
subjects 

•  Tissue  block  retrieval,  sectioning,  H  &  E  staining,  microdissection,  and  DNA  extraction  has 
been  accomplished  for  160  subjects 

Task  2 

•  Multiplex  Ligatable  Probe  Amplification  (MLPA)  assays  have  been  performed  for  120 
subjects  for  a  total  of  309  lesions. 

Task  3 

•  Medical  record  abstraction  has  been  completed  for  120  subjects  and  entered  into  the 
database 
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Progress:  PENDING 

Statistical  analysis  of  the  MLPA  data  for  die  120  subjects  with  MLPA  is  awaiting  completion. 
REPORTABLE  OUTCOMES 
Abstract  presented/Manuscripts 
Preface: 

Validation  of  the  MLPA  assay  methodology,  interpretation  and  data  analysis  was  conducted  in  two 
separate  cohorts: 

1:  MCF-lOAmodel  of  breast  cancer  progression 
2:  Squamous  head  and  neck  cancer  cohort 

1A:  Worsham  MJ,  Pals,  F,  Schouten  JP,  Miller  F,  von  Spaendonk  R,  Wolman  SR.  High-resolution 

mapping  of  molecular  events  associated  with  immortalization  and  progression  of  breast  cancer  in  the 
MCF10A  model.  American  Association  of  Investigative  Pathology,  San  Diego,  April  11-16, 2003.  The 
manuscript  (in  preparation)  will  be  submitted  to  Cancer  Research 

ABSTRACT 

A  comprehensive  and  consistent  picture  of  the  genetic  changes  that  underlie  breast  cancer  initiation, 
development,  and  progression  remains  unresolved.  The  MCF10  series  of  cell  lines  represent  many  steps  in  that 
progression.  We  evaluated  MCF10  cells  in  a  series  that  included  initial  untransformed  outgrowths  (MCF-10MS 
and  MCF10A)  and  6  transformed  cell  lines  recapitulating  various  stages  of  benign  proliferation  (MCF10-AT1, 
MCF10ATlkcl2),  carcinoma  in  situ  (MCFlOCAlh  cll3),  and  invasive  carcinoma  (MCFlOCAlh  cl2, 
MCFlOCAld  ell,  MCFlOCAla  ell).  Losses  and  gains  of  loci  at  112  human  genome  sites  using  a  novel  assay 
called  the  multiplex  ligation-dependent  probe  amplification  assay  (MLPA).  Cytogenetic  alterations  in  the  four 
benign  progenitors  that  persisted  in  the  CIS  and  invasive  cell  lines,  were  validated  by  corresponding  gains  and 
losses  of  gene  loci  by  MLPA.  MCF-10MS  had  only  normal  gene  copies.  The  untransformed  MCF10A, 
resulting  from  spontaneous  immortalization  of  MCF-10MS  and  the  parent  of  subsequent  transformed  progeny 
had  cytogenetic  gain  of  5ql3-qter  with  corresponding  gains  of  IL3,  IL4  and  IL12B  gene  loci  at  5q31-q33;  gain 
of  distal  19ql2-qter  was  validated  by  gains  in  KLK3  and  BAX  gene  loci  at  19ql3-ql3.4.  Genic  gain  of  cMYC 
at  8q24.12  was  not  indicated  by  cytogenetics.  The  apparently  balanced  t(3;9)  component  of  the 
t(3;9)(pl3;p22)t(3;5)(p26;q31)  resulted  in  complete  loss  of  the  CDKN2A  and  CDKN2B  loci.  Additional  clonal 
cytogenetic  changes  in  the  DCIS  cell  line  (MCFlOAlh  cll3)  involving  chromosomes  1, 3  and  10  persisted  in  the 
invasive  progeny,  with  gain  of  corresponding  gene  loci  at  lpl3  (BCAR2,  BCAR3,  NRAS,  TGFB2),  at  3pl2-13 
(IL12A),  and  3q21-q27  (MME,  PIK3CA,  BCL6). 

SUMMARY  OF  RESULTS 

►  Cytogenetic  alterations  in  the  four  benign  progenitors  that  persisted  in  the  CIS  and  invasive  cell  lines 
were  validated  by  corresponding  gains  and  losses  of  gene  loci  by  MLPA. 

►  The  apparently  balanced  t(3  ;9)  component  of  the  t(3  ;9)(p  1 3  ;p22)t(3  ;5)(p26;q3 1 ) 
resulted  in  complete  loss  of  the  CDKN2A  and  CDKN2B  loci. 

►  Genic  gain  of  cMYC  at  8q24. 12  was  not  indicated  by  cytogenetics. 

►  Immortalization  is  marked  by  complete  loss  of  CDKN2A/2B,  gain  of  cMYC,  IL3,  IL4,  IL12B,  KLK3  and 
BAX  gene  loci. 

►  Events  of  progression  involve  further  gain  of  BCAR2,  BCAR3,  NRAS,  TGFB2(\p\3),  IL12A 
(3pl2-13),  MME,  PIK3CA,  BCL6  (3q21-q27),  and  NC03. 
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IB:  Worsham  MJ,  Pals,  F,  Schouten  JP,  Miller  F,  von  Spaendonk  R,  Wolman  SR.  Genetic  targets  of 

immortalization  in  the  MCF-10A  model:  High  resolution  mapping  of  loss  of  gene  architecture  at 
the  MTAP,  CDKN2A,  and  CDKN2B  genetic  loci.  Late-breaking  Abstract,  invited,  American 
Association  for  Cancer  Research,  July  11-15, 2003,  Washington  D.C.  The  manuscript  will  be 
submitted  to  Clinical  Cancer  Research 

ABSTRACT 

The  MCF10  series  of  cell  lines  represents  many  steps  in  breast  cancer  initiation,  development,  and 
progression.  MCF10A  cells  are  spontaneously  immortalized  human  breast  epithelial  cells  derived  from  a  sample 
of  fibrocystic  disease.  We  evaluated  MCF10A  cells  in  a  series  that  included  initial  untransformed  outgrowths 
(MCF-10MS  and  MCF10A)  and  6  transformed  cell  lines  recapitulating  various  stages  of  benign  proliferation 
(MCF10-AT1,  MCF10ATlkcl2),  carcinoma  in  situ  (MCFlOCAlh  cll3),  and  invasive  carcinoma  (MCFlOCAlh 
cl2,  MCFlOCAld  ell,  MCFlOCAla  ell).  All  were  characterized  cytogenetically.  The  untransformed  MCF10A, 
resulting  from  spontaneous  immortalization  of  MCF-10MS  (46, XX)  has  a  karyotype  of 
46,XX,t(3;9)(pl3;p22)t(3;5)(p26;q31),t(3;17)(pl3;pl2),der(6)t(6;19)(p25;ql2).  Subsequent  transformed 
progeny  are  all  kaiyotypically  related. 

DNA  from  MCF  10-MS  and  MCF10A  and  the  6  transformed  cell  lines  were  interrogated  for  losses  and 
gains  of  loci  at  1 12  human  genome  sites  using  a  novel  assay  called  the  multiplex  ligation-dependent  probe 
amplification  assay  (MLPA).  This  comprehensive  genome-wide  approach  to  localize  and  identify  key  genetic 
loci  in  the  immortalization  and  evolution  of  breast  cancer  indicated  normal  copy  number  for  all  gene  loci  tested 
by  the  MLPA  assay  for  MCF-10MS  concordant  with  a  normal  46,  XX  karyotype.  Homozygous  loss  of  the 
CDKN2A  and  CDKN2B  genes  at  9p21in  immortalized  MCF10A  modified  interpretation  of  the  apparently 
balanced  t  (3;9)(pl3;p22)  translocation,  altering  the  translocation  breakpoint  to  9p21  instead  of  9p22. 

A  targeted  MLPA  probe  set  was  designed  to  further  refine  the  precise  region  of  loss  at  the  9p21  locus. 
The  high-resolution  9p  probe  set  comprised  ten  probes  for  CDA7V25INK4b  (three  pl5 INK4b  probes:  start  of  exon  1, 
end  of  exon  1,  end  of  exon  2)  and  CDKN2A  ARF’ INK4a  genes  (7  probes:  start  of  exon  1  □  [pl4  **?],  exon  1  □ 
[pM^],  2  intron  probes  between  pi 4^  and  pl6 INK4a,  exon  1  □  [pl6 INK4a  ],  exon  2  [plb1^4*],  exon  3  jpl 6 
INK4a  ]),  in  addition  to  3  probes  for  MTAP,  two  probes  telomeric  to  9p,  and  1 5  other  autosomal  probes.  All  ten 
CDKN2B  and  CDKN2A  probes  validated  homozygous  loss  of  CDKN2B INK4b  and  CDKN2A  ARF,!NK4a.  Regional 
loss  at  9p21  extended  to  include  the  distal  end  of  the  MTAP  gene  located  proximal  to  the  CDKN2A  INK4a  locus. 
Probes  distal  to  CDKN2B  in  the  subtelomeric  region  of  9p  were  retained.  Other  autosomal  probes  showed 
normal  copy  numbers  or  copy  number  changes  consistent  with  cell  line  karyotypes.  Identical  loss  of  gene 
architecture  along  CDKN2B,  CDKN2A  and  MTAP  gene  loci  was  confirmed  for  all  subsequent  transformed  cell 
lines.  In  summary,  loss  of  CDKN2A  ARFJNK4a,  CDKN2B, INK4b  and  MTAP  genes  are  very  early  targets  of 
immortalization  in  the  MCF-10A  model,  defining  a  primary  repertoire  of  genetic  alterations  along  a  molecular 
continuum  in  the  progression  of  breast  cancer. 

RESULTS  AND  CONCLUSION 

All  ten  CDKN2B  and  CDKN2A  probes  validated  homozygous  loss  of  CDKN2B INK4b  and  CDKN2A  ***’ 
INK4a.  Regional  loss  at  9p2 1  extended  to  include  the  distal  end  of  the  MTAP  gene  located  proximal  to  the 
CDKN2A INK4a  locus.  Probes  distal  to  CDKN2B  in  the  subtelomeric  region  of  9p  were  retained.  Other  autosomal 
probes  showed  normal  copy  numbers  or  copy  number  changes  consistent  with  cell  line  karyotypes.  Identical  loss 
of  gene  architecture  along  CDKN2B,  CDKN2A  and  MTAP  gene  loci  was  confirmed  for  all  subsequent 
transformed  cell  lines.  Identical  loss  of  gene  architecture  along  CDKN2B,  CDKN2A  and  MTAP  gene  loci 
observed  in  untransformed  MCF10A  was  confirmed  in  all  subsequent  transformed  cell  lines.  In  summary,  loss 
of  CDKN2A  ARF>INK4aj  CDKN2B, INK4b  and  MTAP  genes  are  very  early  targets  of  immortalization  in  the  MCF-10A 
model,  defining  a  primary  repertoire  of  genetic  alterations  along  a  molecular  continuum  in  the  progression  of 
breast  cancer. 

2:  Worsham  MJ,  Pals  G,  Shouten  J,  von  Spaendonk  R,  Concus  AP,  Carey  TE,  Benninger  MS. 
Delineating  Genetic  pathways  of  disease  Progression  in  HNSCC.  Arch  of  Otolaryngol  Head  and  Neck 
Surg,  129: 699-701,  July,  2003  (See  appendix) 
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*  Maria  J.  Worsham:  DAMD 17-02- 1-0406  Progress  Report:  July  30, 2003  “Molecular  Differentiation  of  Risk  For  Disease 
Progression:  Delineating  Stage-Specific  Therapeutic  Targets  for  Disease  Management  in  Breast  Cancer” 


Manuscripts  ready  for  submission  (validation  of  novel  MLPA  technology): 

a:  Worsham  MJ,  Pals,  F,  Schouten  JP,  Miller  F,  von  Spaendonk  R,  Wolman  SR.  High-resolution 

mapping  of  molecular  events  associated  with  immortalization  and  progression  of  breast  cancer 
in  file  MCF10A  model. 

b:  Worsham  MJ,  Pals,  F,  Schouten  JP,  Miller  F,  von  Spaendonk  R,  Wolman  SR.  Genetic 

targets  of  immortalization  in  the  MCF-10A  model:  High  resolution  mapping  of  loss  of 
gene  architecture  at  the  MTAP,  CDKN2A,  and  CDKN2B  genetic  loci. 


APPENDICES 
A:  Study  Instruments 

a:  Pathology  Review  Form:  Teleform  Version  for  Data  Entry 

b:  MLPA  Access  Data  Report  Form 

B:  Publications  (validation  of  novel  MLPA  technology): 

Worsham  MJ,  Pals  G,  Shouten  J,  von  Spaendonk  R,  Concus  AP,  Carey  TE,  Benninger 
MS.Delineating  Genetic  pathways  of  disease  Progression  in  HNSCC.  Arch  of 
Otolaryngol  Head  and  Neck  Surg,  129: 699-701,  July,  2003 
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ORIGINAL  ARTICLL 


Delineating  Genetic  Pathways  of  Disease  Progression 
in  Head  and  Neck  Squamous  Cell  Carcinoma 

Maria  J.  Worsham,  PhD ;  Gerard  Pals ,  PhD;  Jan  P.  Schouten,  PhD;  Rosalind  M.  L  van  Spaendonk,  PhD; 

Adriane  Concus,  MD;  Thomas  E .  Carey ,  PhD;  Michael  S.  Benninger,  MD 


Objective:  To  identify  altered  gene  targets  that  char¬ 
acterize  disease  progression  in  squamous  cell  carci¬ 
noma  (SCO  of  the  head  and  neck  (HNSCC).  Genetic  al¬ 
terations  in  HNSCC  cell  lines  reflect  the  tumor  in  vivo 
and  can  serve  as  valuable  took  to  study  the  develop¬ 
ment  and  progression  of  HNSCC.  Identification  of  key 
molecular  events  may  be  useful  for  more  accurate  dis¬ 
tinction  of  prognostic  groups  for  selection  and  targeting 
of  therapy. 

Design:  Individual  gene  loci  were  analyzed  for  genetic 
alterations  using  a  novel  genomewide  strategy. 

Subjects:  Head  and  neck  squamous  cell  carcinoma  pri¬ 
mary  (A)  and  recurrent  or  metastatic  (B)  cell  lines 
UMSCC-1 1  A/1  IB,  UMSCC-17A/17B  (previously  karyo¬ 
typed),  and  UMSCC-81A/81B  are  described. 

Results:  At  the  genome  level,  loss  and  gain  of  genetic  loci 


concurred  with  tumor  karyotypes;  Several  abnormal  gene 
loci  not  apparent  by  cytogenetics  were  ako  identified.  All 
except  11B  indicated  loss  of  CDKN2A  (encodes  pl4  and 
pl6),  with  concomitant  loss  of  CDKN2B  (encodes  pl5) 
in  11A,  17B,  and  81A.  All  6  cell  lines  showed  gain  of 
PIK3CA  (encodes  a  PD  kinase)  located  at  3q26.3. 

Conclusions:  We  provide  evidence  for  the  role  of  3  criti¬ 
cal  pathways  in  the  development  and  progression  of 
HNSCC.  The  CDKN2A/B  genes  encode  various  compo¬ 
nents  of  the  Rb  and  p53  pathways,  and  the  PIK3CA  gene 
makes  a  catalytic  subunit  of  the  protein  phosphatidyli- 
nositol  3-OH  kinase  (PDK),  which  is  known  to  be  in¬ 
volved  in  the  PBK/ATK  signaling  pathways.  Molecular 
events  may  ultimately  serve  to  achieve  genomic  alter¬ 
ations  that  set  off  an  interplay  among  key  gene  lod  along 
discrete  genetic  pathways  used  by  tumor  celk  in  HNSCC. 

Arch  Otolaryngol  Head  Neck  Surg.  2003;129:702-708 
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Squamous  cell  carcinoma 
(SCC)  of  the  head  and  neck 
(HNSCC)  k  the  sixth  most 
common  malignant  disease 
worldwide.  Despite  ad¬ 
vances  in  chemotherapy  and  radiation 
therapies,  HNSCC  carries  a  high  mortal¬ 
ity  rate.  The  American  Joint  Committee  on 
Cancer  clinical  tumor/node/metastask 
(TNM)  staging  system1  k  the  most  impor¬ 
tant  prognosticator  of  survival  at  pres¬ 
ent.  Nevertheless,  problems  with  detec¬ 
tion  of  occult  metastases  in  the  neck  and 
the  fact  that  tumors  with  clinically  equiva¬ 
lent  stages  may  behave  biologically  very 
differently,  suggest  that  additional  prog¬ 
nostic  markers  should  be  used  to  supple¬ 
ment  TNM  staging.  Because  of  the  ad¬ 
vances  of  the  Human  Genome  Project, 
there  k  presently  a  unique  opportunity  to 
identify  new  molecular  biological  mark¬ 
ers  for  thk  purpose.  In  addition,  study  of 
gene  alterations  in  cancer  has  led  re¬ 
cently  to  the  development  of  targeted 
therapies  in  head  and  neck  cancer,  for  ex¬ 


ample,  to  the  use  of  monoclonal  antibod¬ 
ies  against  overexpressed  EGFR  (C225).2 
Tumor  repopulation  after  treatment,  with 
the  regrowth  of  clones  resktant  to  apop- 
tosk  ako  represents  an  important  chal¬ 
lenge  to  effective  long-term  therapy  for 
head  and  neck  cancer.3-5  Thk  can  be  prob¬ 
lematic  owing  to  tumor  heterogeneity  and 
the  fact  that  standard  hktological  meth¬ 
ods  can  only  allow  examination  of  lim¬ 
ited  cross  sections  of  tumor  and  surround¬ 
ing  tksue.  Identification  and  analysk  of 
gene  changes  in  cancer  may  additionally 
address  each  of  these  problems. 

Genetic  alterations  in  HNSCC  cell 
lines  reflect  the  tumor  in  vivo  and  can  serve 
as  valuable  took  to  study  the  develop¬ 
ment  and  progression  of  HNSCC.6*7  The 
HNSCC  karyotype  k  typically  very  com¬ 
plex,8  but  common  features  in  SCC  at  one 
anatomic  site  are  often  very  similar  to  SCC 
at  other  anatomic  sites  such  as  the  esopha¬ 
gus,9  skin,10  and  vulva,11  irrespective  of  the 
initiating  changes  (eg,  tobacco  and  alco¬ 
hol,  pan,  or  human  papillomavirus).  These 
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common  changes  strongly  suggest  that  initiation,  devel¬ 
opment,  and  progression  of  squamous  epithelial  neopla¬ 
sia  evoke  common  genetic  pathways  irrespective  of  ana¬ 
tomic  site. 

Chromosome  aberrations  have  been  landmarks  to 
identify  cancer  genes  in  many  tumor  types;  however,  in¬ 
dividual  gene  loci  altered  in  tumors  cannot  be  deduced 
solely  from  the  type  of  chromosome  rearrangement.  We 
developed  the  multiplex  ligation-dependent  probe  am¬ 
plification  (MLPA)  assay  (Figure  1 ),  a  novel  genome¬ 
wide  strategy  to  identify  specific  gene  loci  for  amplifica¬ 
tion  and  loss.  We  interrogated  6  HNSCC  cell  lines  against 
a  selected  panel  of  96  unique  gene  loci  implicated  in  can¬ 
cer  and  distributed  throughout  the  genome.12  Molecu¬ 
lar  fingerprints  identified  from  our  genomewide  studies 
concur  with  chromosomal  aberrations  and  provide  a  novel 
index  to  estimate  the  extent  of  genomic  abnormality  with 
disease  progression. 

We  provide  evidence  for  the  role  of  3  critical  path¬ 
ways  in  the  development  and  progression  of  HNSCC.  We 
present  data  that  substantiates  loss  of  CDKN2A/B ,  which 
encode  various  components  of  the  Rb  and  p53  path¬ 
ways13  against  a  background  of  apparently  cytogeneti¬ 
cally  normal  chromosome  9p21  regions.  We  also  show 
gain  of  PIK3CA,  a  gene  located  at  3q26.3  that  has  been 
shown  to  predict  clinical  outcome  for  early  disease 
HNSCC  tumors14  and  functions  as  part  of  a  lipid¬ 
signaling  pathway  involved  in  multiple  cancer-related 
functions.15,16 


METHODS 


HNSCC  CELL  LINES 

Tumor  sample  acquisition,  tissue  culture,  and  karyotype  analy¬ 
sis  methods  have  been  detailed  elsewhere.17,18  The  UMSCC-11A 
and  -1  IB  cell  lines  were  derived  from  tumor  tissue  obtained 
from  the  primary  tumor  site  (hypopharynx)  before  and  after 
chemotherapy,  respectively.  The  SCC  cell  lines  17A  (supra¬ 
glottis)  and  17B  (neck  soft  tissue)  and  UMSCC-81A  (left  false 
vocal  cord)  and  -81B  (right  false  vocal  cord)  were  derived  from 
tumor  tissue  obtained  simultaneously  from  primary  (A)  and 
metastatic  (B)  sites.  The  UMSCC-81A  and  -81B  cell  lines  have 
not  been  cytogenetically  characterized. 

DNA  EXTRACTION 

From  the  6  cell  lines,  DNA  was  extracted  using  the  QIAamp 
Kit  (Qiagen  Inc,  Chatsworth,  Calif)  at  passages  83  and  90  for 
11A  and  11B,  respectively;  138  and  184  for  17A  and  17B,  re¬ 
spectively,  and  24  and  129  for  81A  and  81B,  respectively. 

THE  MLPA  TECHNIQUE 

The  MLPA  assay  is  a  new  method  for  relative  quantification  of 
approximately  40  different  DNA  sequences  in  a  single  reaction 
requiring  only  20  ng  of  human  DNA.  The  MLPA  assay  has  been 
successfully  used  for  the  detection  of  deletions  and  duplica¬ 
tions  of  complete  exons  in  the  human  BRCA1 ,  MSH2,  and  MLHI 
genes,  detection  of  trisomies  such  as  Down  syndrome,  charac¬ 
terization  of  chromosomal  aberrations  for  gains  and  losses  of  genes 
in  cell  lines  and  tumor  samples,  and  relative  quantification  of 
messenger  RNAs.12  Probes  added  to  the  samples  are  amplified 
and  quantified  instead  of  target  nucleic  acids.  Amplification  of 


•  Denatured  Genomic  DNA  .Is  Hybridized  With  a  Mature  of  Approximately  40  Probes. 

•  Each  MLPA  Probe  Consists  of  2  CHigonucteotktes,  1  Synthetic  and  1  Ml  3  Derived. 


PCR  Primer  Sequence  Y  ^ _ 

Hybridization  Sequence 


PCR  Primer  Sequence  X 
Staffer  Sequence 
(Different  for  Each  Probe) 
Hybridization  Sequence 


5'^ 


3'  Target  A  5' 


y 


5:L 


7 


3'  Target  B  5' 
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All  Probe  Ligation  Products  Are  Amplified  by  PCR  Using  Only  1  Primer  Pair. 
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Amplification  Products  Are  Separated  by  Electrophoresis.  Relative  Amounts  of  Probe 
Amplification  Products  Reflect  the  Relative  Copy  Number  of  Target  Sequences. 
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Figure  1.  Multiplex  ligation-dependent  probe  amplification  {MLPA).  PCR 
indicates  polymerase  chain  reaction. 


probes  by  polymerase  chain  reaction  depends  on  the  presence 
of  probe  target  sequences  in  the  sample.  Each  probe  consists  of 
2  oligonucleotides  (1  synthetic  and  1  M13  derived),  each  hy¬ 
bridizing  to  adjacent  sites  of  the  target  sequence.  Such  hybrid¬ 
ized  probe  oligonucleotides  are  ligated,  permitting  subsequent 
amplification  (Figure  I).  All  ligated  probes  have  identical  end 
sequences,  permitting  simultaneous  polymerase  chain  reaction 
amplification  using  only  1  primer  pair.  Each  probe  gives  rise  to 
an  amplification  product  of  unique  size  between  130  and  480 
base  pairs.  Probe  target  sequences  are  small  (50-70  nucleotides). 
The  prerequisite  of  a  ligation  reaction  provides  the  opportunity 
to  discriminate  single  nucleotide  differences.  The  amplified  frag¬ 
ments  are  separated  on  a  DNA  sequencer. 

One  of  the  applications  of  the  MLPA  method  is  the  detec¬ 
tion  of  chromosomal  aberrations  in  DNA  samples  from  tu¬ 
mors.  This  high  throughput  approach  detects  aberrant  loci  at 
112  human  genome  sites.12  These  gene  loci  were  selected  be¬ 
cause  of  their  reported  involvement  in  cancer  and  span  all  23 
chromosomes  including  the  X  and  the  Y.  The  quantitative  na¬ 
ture  of  the  results  allows  the  detection  of  loss  of  a  gene  copy 
(loss  of  heterozygosity)  without  the  need  for  informative  het¬ 
erozygous  markers. 

INTERPRETATION 

Normal  tissue  from  each  cancer  subject  serves  as  an  internal 
reference  when  available.  For  cell  lines,  where  normal  DNA  is 
not  available,  control  (normal)  male  and  female  DNA  samples 
are  run  with  each  probe  set.  Quantification  and  loss  or  gain  of 
gene  loci  is  determined  through  a  process  of  normalization.  The 
latter  addresses  variations  in  the  surface  area  of  a  peak  (inten¬ 
sity)  encountered  due  to  fluctuations  in  the  assay  run  such  as 
amount  of  DNA,  ploidy  variations,  and  polymerase  chain  re¬ 
action  conditions.  Briefly,  the  peak  area  for  each  probe  is  ex¬ 
pressed  as  a  percentage  of  the  total  surface  area  of  all  peaks  of 
a  sample  in  an  assay  run  (Figure  2  [1C  mix]  and  Figure  3 
[2C  mix]).  Relative  copy  number  for  each  probe  is  obtained  as 
a  ratio  of  the  normalized  value  for  each  locus  (peak)  of  the  sample 
to  that  of  the  normal  control.  A  difference  is  significant  only  if 
the  ratio  is  less  than  0.7  floss)  or  higher  than  1.3  (gain).  Com¬ 
plete  loss  or  0  copies  is  indicated  by  absence  of  a  peak  for  that 
particular  locus  (illustrated  for  the  loss  of  the  CDK2NA  at  9p21 
[Figure 2]  and CDKN2B  at9p21  and SRYat Ypll.2  [Figure 3]). 
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Figure  2.  Multiplex  ligation-dependent  probe  amplification  assay  results  of 
probe  mix  1C.  Note  complete  loss  of  the  CDKN2A  gene  in  81 A  and  17B,  with 
retention  of  the  gene  in  81 B. 


A  relative  copy  number  of  2  is  considered  normal,  1  or  0  cop¬ 
ies  is  considered  loss,  and  3  copies  or  more  is  considered  gain. 

The  cytogenetic  interpretation  for  gains  and  losses  has  been 
previously  described.8  Briefly,  loss  of  a  chromosome  or  seg¬ 
ment  was  defined  as  presence  of  only  1  copy  against  a  near  dip¬ 
loid  background  or  presence  of  1  or  2  copies  against  a  3N  (trip- 
loid)  or  4N  background  (near  tetraploid).  Gain  was  defined  as 
presence  of  at  least  3  copies  against  a  diploid  background,  pres¬ 
ence  of  at  least  5  copies  against  a  near  triploid  background,  and 
presence  of  at  least  6  copies  against  a  near  tetraploid  back¬ 
ground. 


RESULTS 


HNSCC  CELL  LINES 

Complete  karyotypes  for  UMSCC-1 IA/B  and  -17A/B  have 
been  previously  published.1718  The  UMSCC-1 1 A  cell  line 
had  a  consensus  modal  number  of  88  chromosomes  (hy¬ 
po  tetraploid),  and  UMSCC-1  IB  had  a  consensus  modal 
number  of  51  chromosomes  (hyperdiploid).  The 
UMSCC-17A  and  -17B  cell  lines  were  both  hyperdip¬ 
loid  with  consensus  modal  numbers  of 47-49  and  47,  re¬ 
spectively. 

Overall,  at  the  genome  level,  loss  and  gain  of  ge¬ 
netic  loci  concurred  with  tumor  karyotypes  (fable). 
Chromosome  3  aberrations  in  11A,  17A,  and  17B  showed 
gain  of  3q,  which  was  supported  by  increased  copy  num- 
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Figure  3.  Multiplex  ligation-dependent  probe  amplification  assay  results  of 
probe  mix  1C.  Note  complete  loss  of  CDKN2B and  SRY  genes  in  11A.  The 
normal  male  control  retains  both  gene  loci. 


ber  (3-4  copies)  of  P1K3CA  at  3q26.3.  The  PIK3CA  gene, 
located  at  3q26.3,  indicated  gain  of  copy  number  in  all 
of  the  ceil  lines  analyzed  (Figure  4).  Gain  of  this  re¬ 
gion  of  3q  is  also  internally  validated  by  gain  of  MME  and 
BCL6  genes  at  3q27  (Table).  Loss  of  the  SRY  gene  at 
Ypll.2  in  11A  and  11B  is  consistent  with  the  cytoge¬ 
netic  observation  of  lack  of  the  Y  chromosome.  Loss  of 
SRY  was  also  observed  in  81A;  however,  81B  had  2  SRY 
copies  (Figure  1).  The  UMSCC-17A  and  -17B  cell  lines 
were  female  derived. 

The  BCL2  locus  interrogated  in  separate  probe  mixes 
indicated  loss  (1  copy)  of  this  gene  in  11B,  concordant 
with  11B  tumor  karyotypes  (Table).  The  UMSCC-17A 
and  -17B  cell  lines  had  2  copies  of  chromosome  18,  with 
loss  of  the  BCL2  locus,  which  was  also  lost  in  81 A  and 
81B  (Table). 

Cytogenetics  and  MLPA  results  were  discordant  for 
CDKN2A/B  genes  at  9p21  (Figure  4).  Both  loci  were  com¬ 
pletely  lost  in  11A,  17B,  and  81A.  This  loss  indicates  a 
homozygous  deletion  of  the  9p21  region  harboring  the 
CDKN2A/B  genes  in  a  background  of  3  copies  of  chro¬ 
mosome  9  in  1  IB  and  2  copies  in  17B.  The  UMSCC-17A 
and  -81B  cell  lines  retained  both  copies  of  CDKN2B ,  but 
lost  1  copy  of  CDKN2A  (Table). 


Aberrant  cancer  genes  rarely  function  independendy,  and 
evidence  points  to  a  carefully  choreographed  interplay 
among  gene  products  in  the  regulation  of  normal  growth. 
As  an  example,  to  progress  through  the  cell  cycle,  mam¬ 
malian  cells  must  overcome  the  quiescent  state  of  G0  and 
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enter  the  active  Gi  cell  cycle  phase.  Entry  into  cell  cycle 
phases  is  prudently  orchestrated  throughout.  The  Gl/S  cell 
cycle  checkpoint  is  regulated  mainly  by  the  cyclin- 
dependent  kinases  (CDK4  or  CDK6)  bound  to  D-type  cy¬ 
clic.19  A  number  of  negative  regulators  modulate  CDK 
activity.  The  CDKN2A  and  CDKN2B  genes  map  to  9p21 
and  are  in  tandem,  spanning  a  region  of  approximately  80 
kb,  with  CDKN2B  located  25  kb  centromeric  to  CDKN2A 
(Figure  5).  The  CDKN2A  locus  at  9p21  controls  both  the 
Rb  pathway  that  regulates  G/S-phase  transition  and  the 
p53  pathway  that  induces  growth  arrest  or  apoptosis  in 
response  to  either  DNA  damage  or  inappropriate  mito¬ 
genic  stimuli  by  generating  2  gene  products.20  The  pl6  pro¬ 
tein  product  functions  upstream  of  Rb,  and  the  p!4  pro¬ 
tein  blocks  MDM2  inhibition  of  p53  activity.21  Inactivation 
of  the  CDKN2A  gene,  which  includes  mutations,  homo¬ 
zygous  deletion,  and  promoter  methylation,  have  been  re¬ 


ported  at  varying  frequencies.21-23  Whereas  CDKN2A/pl6 
gene  mutations  selectively  inactivate  the  Rb  pathway,  de¬ 
letion  of  the  CDKN2A  locus  impairs  both  the  Rb  and  p53 
pathways.  Deletion  of  the  CDKN2A  locus  also  frequendy 
affects  the  CDKN2B  locus,  which  encodes  pi 5,  an  impor¬ 
tant  mediator  of  the  antiproliferative  effect  of  transform-  - 
ing  growth  factor  (3.24  Somatic  alterations  in  the  CDKN2A 
gene  occur  in  many  cancer  types  and  germ-line  mutation 
carriers  are  predisposed  to  a  high  risk  of  pancreatic  and 
breast  cancers.25,26  Inactivation  of  pl6  is  the  most  com¬ 
mon  genetic  alteration  in  HNSCC,  making  it  an  ideal  tar¬ 
get  for  gene  replacement.27  Recombinant  adenovirus  ca¬ 
pable  of  directing  a  high  level  of  pl6  protein  expression 
(Ad5-pl6)  demonstrated  a  significant  antitumor  effect  of 
Ad5-pl6  against  human  HNSCC  in  vivo.27 

We  found  complete  loss  (homozygous  deletion)  of 
the  CDKN2A/B  locus  in  11  A,  17B,  and  81  A,  contrary  to 
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Figure  4.  ideograms  representing  chromosomes  3  and  9.  Chromosome  segments  are  represented  as  vertical  solid  lines.  Short  horizontal  lines  represent 
chromosomal  break  points.  Chromosome  3:  note  5  chromosomal  copies  of  3q  in  11  A,  2  copies  in  1 1B,  and  4  copies  in  17A/B.  Increased  copy  number  of  PIK3CA 
at  3q26.3  was  found  in  all  cell  lines,  including  81 A  and  81 B  (not  karyotyped).  Chromosome  9:  note  3  chromosomal  copies  of  9,  including  the  9p21  locus  in  11  A, 
3  in  11B,  and  2  in  17A/B.  Complete  loss  of  CDKN2A/Bvns  observed  in  11A,  17B,  and  81A.  Note  1  copy  of  CDKN2A  with  retention  of  both  copies  of  CDKN2B  in 
17Aand  81 B. 


cytogenetic  evidence  indicating  an  intact  9p21  segment 
The  UMSCC-17A  and  -81B  cell  lines  had  loss  of  1  copy  of 
CDKN2A ,  but  retained  both  copies  of  CDKN2B.  Loss  and 
retention  of  the  CDKN2A  locus  genes  pi  4  and  pl6  have 
been  corroborated  in  another  study  (unpublished  data, 
T.E.C.,  2002).  Cytogenetic  deletion  of  9p21-pter  in  early 
HNSCC  has  been  documented28  and  suggests  abrogation 
of  this  locus  as  an  early  event  in  HNSCC.  Loss  of  CDKN2A , 
which  results  in  concurrent  disruption  of  the  pl6-Rb  and 
pl4-p53  pathways  in  several  cancer  types,  is  associated  with 
poor  prognosis,  and  the  dual  inactivation  is  also  shown 
to  have  an  obligate  role  in  tumor  suppression  in  animal 
models.2930 

The  p53  protein,  whose  activity  is  modulated  through 
its  union  to  MDM2  (12ql4.3-ql5),  also  affects  the  Gx  to 
S  progression  by  increasing  expression  of  another  CDKI, 
p21WAFyGpl,  which  is  able  to  inhibit  any  cyclin-CDK  com¬ 
plexes,  including  D-type  cyclin-CDK4/6  complexes.20  Mo¬ 
lecular  alterations  in  any  of  these  genes  affect  the  nor¬ 
mal  Gi  to  S  transition  and  play  an  important  role  in  human 
tumorigenesis.  In  this  sense,  mutations  affecting  p53  are 
the  most  common  genetic  alterations  yet  identified  in  spo¬ 


radic  human  tumors,31  followed  by  genetic  alterations  of 
the  9p21  genes  demonstrated  in  a  wide  variety  of  neo¬ 
plasms.21'23  All  6  cell  lines  had  a  normal  copy  number  of 
the  MDM2  gene  locus  (12ql4.3-ql5),  interrogated  in¬ 
dependently  in  separate  probe  mixes  (Table). 

Mutation  analysis  of  the  p53  gene32  indicated  mu¬ 
tant  p53  in  HAand  11B  (TGC-»TCC,  Cys-*Ser  in  codon 
242)  and  normal  wild-type  protein  in  17A  and  17B  (p53 
status  not  known  for  81).  In  11A,  3  copies  of  distal  17p, 
encompassing  p53  and  CRK  (Table),  therefore,  indicate 
gain  of  copy  number  in  the  presence  of  only  mutant  p53 
protein.  Note  that  cytogenetic  and  MLPA  copy  numbers 
were  concordant  for  2  copies  of  p53  and  CRK  in  11B,  17A, 
17B,  81 A  and  8 IB  (Table).  The  patient  designated 
UMSCC-11  (T2  N2a  MO)  with  mutant  p53  had  a  much 
poorer  survival  outcome  (14  months)  compared  with  the 
patient  designated  UMSCC-17  (T1  NO  MO),  whose  tu¬ 
mor  had  only  wild- type  p53  and  who  lived  for  over  135 
months.  The  latter  suggests  that  the  presence  of  mutant 
p53  in  addition  to  loss  of  pl4  and  pl6  may  produce  even 
more  potent  growth  stimuli.  In  an  esophageal  SCC  co¬ 
hort  (OSCC),  inactivation  of  either  the  CDKN2A  or  p53 
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Figure  5.  Genomic  organization  of  the  CDKN2A  and  CDKN2B  genes  on  9p21  (adapted  from  Smeds  et  a!33).  The  pi  6  and  p14  proteins  encoded  by  CDKN2A  are 
transcribed  from  separate  promoters  located  at  the  5'  side  of  unique  exons  la  and  1  p.  The  pi  5  protein  is  encoded  by  CDKN2B.  The  pi 6  and  pi 5  proteins  inhibit 
the  cyclin  D-CDK4/6  complex  and  prevent  phosphorylation  of  Rb.  The  p14  protein  inhibits  MDM2-mediated  degradation  of  p53.  The  latter  functions  in  overlapping 
pathways  and  links  Rb  and  p53.  The  stabilization  of  p53  mediated  by  p14  can  lead  to  growth  arrest  via  p21 ,  apoptosis,  and  DNA  repair. 


gene  in  most  low-grade  tumors  suggested  the  possible 
important  and  independent  role  of  these  genes  in  the  ini¬ 
tiation  process  of  OSCC,  whereas  tumor  progression  prob¬ 
ably  involved  acquisition  of  the  loss  of  both  genes.33 

Loss  of  the  RBI  locus  was  not  seen  in  any  of  the  6 
cell  lines.  In  17B,  there  was  gain  of  RBI ,  concordant  with 
3  intact  copies  of  chromosome  13.  In  the  absence  of  loss 
of  heterozygosity  data  for  the  RBI  locus,  loss  of  1  RBI 
allele  indicative  of  a  tumor  suppressor  effect  cannot  be 
ruled  out. 

The  PIK3CA  gene  encodes  a  catalytic  subunit  of  the 
protein  phosphatidylinositol  3-OH  kinase  (PBK),  which 
is  known  to  be  involved  in  the  PI3K/ATK  signaling  path¬ 
way  that  plays  a  role  in  multiple  cancer-related  func¬ 
tions,  such  as  cell  survival,  proliferation,  cell  migration, 
vesicle  trafficking,  and  vesicle  budding.3435  In  cervical  SCC 
cell  fines  as  in  ovarian  cancer  cell  lines,  even  low  level  in¬ 
creased  PIK3CA  copy  number  (ie ,  3  copies)  results  in  higher 
PI3K  activity.3637  Gain  of  3  to  4  copies  ofPDGCA  was  noted 
in  all  6  cell  fines.  Gain  of  this  locus  was  validated  by  gain 
in  chromosome  3  copy  number  in  11B,  17A,  and  17B. 

Recendy,  Redon  et  al14  combined  comparative  ge¬ 
nomic  hybridization  and  fluorescent  in  situ  hybridiza¬ 
tion  coupled  with  quantitative  polymerase  chain  reac¬ 
tion  to  show  that  PIK3CA  (3q26.3)  rather  than  p63  (3q28) 
is  a  likely  target  of  3p26-qter  amplification  in  low-grade 
HNSCC.14  With  treatment  with  PI3K  already  in  place  for 
cervical  and  ovarian  cancer,3637  it  would  be  very  useful 
to  determine  how  early  in  the  tumorigenesis  process  am¬ 


plification  of  PIK3CA  occurs.  Based  on  data  from  our  6 
cell  lines,  PIK3CA  gain  was  observed  in  all  primary  (A) 
cell  lines,  suggesting  that  gain  of  this  gene  locus  is  an  early 
event. 

Loss  of  18q21  is  one  of  the  consistent  chromo¬ 
somal  regions  lost  in  HNSCC.8  In  HNSCC,  loss  of  het¬ 
erozygosity  on  18q  occurs  frequendy  and  has  been  linked 
to  poor  survival,3839  suggesting  that  1  or  more  genes  on 
this  chromosome  are  important  in  tumor  behavior.  In 
our  study,  interrogation  of  the  BCL2  gene  at  18q2L2 
showed  loss  of  1  copy  in  all  cell  lines  except  11  A,  indi¬ 
cating  that  loss  of  BCL2  at  18q21.2  may  be  affected  by 
18q  loss  of  heterozygosity.  BCL2  encodes  a  mitochon¬ 
drial  membrane  protein  that  blocks  apoptosis. 

Loss  of  the  Y  chromosome  in  HNSCC  is  not  an  un¬ 
common  event.  In  a  study  of  29  cases  of  HNSCC,  the  Y 
chromosome  was  lost  from  10  of  19  tumors  from  male  pa¬ 
tients,  and  an  Y  rearrangement  was  observed  in  4  others  8 
Among  female  patients,  loss  of  the  short  arm  of  the  inac¬ 
tivated  X  was  frequent  in  both  HNSCC  and  in  SCC  of  the 
female  genital  tract  The  short  arm  of  the  X  and  the  Y  chro¬ 
mosome  shares  many  genes,  and  loss  of  1  or  more  of  these 
might  be  advantageous  to  die  tumor  cells,  but  both  also 
contain  late  replicating  regions,  the  loss  of  which  have  im¬ 
plications  for  fester  cell  cycle  rates.8  In  prostate  cancer,  sig¬ 
nificant  loss  of  Y  chromosome-specific  genes  was  re¬ 
ported,  suggesting  their  role  in  pathogenesis  of  this  disease. 
The  loss  of  SRY  and  BPY2  genes  was  more  frequent  in 
higher  stages  and  grades  of  prostate  cancer.40*41 
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Our  genomewide  search  also  indicated  other  changes 
not  apparent  by  cytogenetics.  Lack  of  concordance  be¬ 
tween  the  MLPA  assay  and  cytogenetics,  while  uncom¬ 
mon,  may  be  attributed  in  part  to  the  ability  of  the  MLPA 
assay  to  account  for  cytogenetically  uncharacterized  re¬ 
arrangements  such  as  marker  chromosomes.  For  ex¬ 
ample  11A  and  11B  had  loss  of  chromosome  7  accom¬ 
panied  by  several  markers  chromosomes  (Table) 
indicating  that  the  assay  can  decipher  and  discriminate 
on  the  basis  of  DNA  composition  cytogenetically  cryp¬ 
tic  and  unstable  chromosomal  rearrangements,  espe¬ 
cially  submicroscopic  deletions. 

Historically,  the  molecular  pathogenesis  of  cancer 
has  been  teased  out  1  gene  at  a  time.  In  die  present  study, 
adopting  a  comprehensive  approach,  we  validated  cyto¬ 
genetic  gains  and  losses  uncovering  specific  gene  loci  as 
consistent  molecular  events  in  HNSCC. 

We  provide  evidence  for  the  role  of  3  critical  path¬ 
ways  in  die  development  and  progression  of  HNSCC. 
Losses  of  the  CDKN2A/B  genes  at  9p21  encode  various 
components  of  the  Rb  and  p53  pathways.  Gain  of  copy 
number  of  PIK3CA  in  ail  of  the  cell  lines  evaluated  points 
to  the  involvement  of  the  PI3K  protein  in  lipid  signaling 
pathways  as  key  molecular  events  in  both  primary  and 
metastatic  disease  progression.  This  information  may  be 
useful  in  molecular  diagnosis,  selection,  and  targeting  of 
therapy  in  HNSCC. 
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